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This invention relates generally to lithographic 



processing of semiconductor devices and more particularly 
to a structure for lithographic alignment and a method 
for producing the same in a semiconductor process 
involving non- t ranspa rent layers . 



BACKGROUND OF THE INVENTION 

Semiconductor devices are continually becoming 
smaller in size and require manufacturing processes that 
are C£tpable of producing these devices. Alignment 
15 techniques are implemented during manufacturing processes 
to ensure correct alignment of the various layers within 
semiconductor devices. Typically, alignment marks are 
utilized in the layers to help align the various 
features . 

2 0 Magnet ores is t ive raniom access memory (MRAM) devices 

are typically processed using structures upon which are 
formed magnetic metal stacks. The magnetic stack 
consists of many different layers of metals and a thin 
layer of dielectric with a total thickness of a few tens 

7. [ r c f nanometer's . The ma que: i c devices arc bu : 1 t or top of 
tho copper channel.-- f-niboddod in the inter 1 eve 1 
dielectric oILD^ material . Since this stack is non ■- 
transparent to light, the lithography on top of this 
layer requires topographic features for alignment and 

30 overlay measurement marks on the layer. Typically this 
under lying .aver lias a vnenunn mechau i c a 1 polish \CMio 
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exposes the copper and dielectric patterns. Additional 
RIE and subsequent clean steps boost cost ani increase 
the chances of creating particles on the CMP finished 
level, however. 

5 

SUMMARY OF THE INVENT I OM 

These and other problems are generally solved or 
circumvented, and technical advantages are generally 
achieved, by the present invention. 
10 In a preferred embodiment structure of the present 

invention, the structure for alignment comprises a first 
metal layer having a top surface at a distance x below a 
top of the structure and a second metal layer extending 
from the top of the structure to a distance y below the 
15 top of the structure wherein the distance y is less than 
the distance x. A via is utilized to connect the first 
metal layer and the seccnd metal layer. For alignment 
purposes, an alignment mark extending from the top of the 
structure to a depth of at least x is included. A non- 
20 transparent stack layer is deposited above the top of the 
structure with the stack layer conforming to the shape of 
the alignment mark whereby the alignment mark is visually 
recognizable . 

A preferred method for producing a semiconductor 
25 device having and using an alignment mark comprises 

rcredc-t erm i nod dimcus ■"■r.s \ di elect r r ! aye : , and 

depcsitina a tirst live 1 - of met a. into the trench. A 
second dielectric layer is formed over the first 
30 dielectric layer and over the first layer of metal and 

channels are etched into the second dielectric layer, at 
least, one channel is used as a via extend mq to t tie f irst 



whereby a bottom surface of the opening is coplanar to a 
top surface of the first metal layer. The channels and 
the opening are filled and a remaining portion of the 
surface of the second dielectric: layer is plated with 
metal. The filling step is controlled to fill the 
channels and to under fill the opening. Chemical 
mechanical polishing of the plate provides a planar 
surface on which a non- transparent stack of layers can be 
deposited. The ncn- transparent stack of "layers conforms 
to the surface of the under filled opening during 
deposition of the non - transparent stack of layers 
resulting in an alignment mark on the non - transparent 

One advantage of a preferred embodiment of the 
present invention is that it does not require additional 
RIE and subsequent clean steps that are costly and 
increase the chances of creating particles on the 
surfaces . 

Another advantage of a preferred embodiment of the 
present invention is that the alignment of lithography on 
top of the non- transparent layer is made directly to the 
underneath metal layer. This reduces the overlay 
inaccuracy of introducing intermediate alignment marks 
that align to the metal and is then used as a reference 
to align the lithography on top of the ncn- transparent 
1. aver . 

Another advantage of a preferred embodiment of the 



t a k o GvaI aciu i t i. Jiidi s pace on t ue s t r u c t u i o . ^ yp i ca * y , 
additional lithography and etch steps would be needed to 
generate a new set of alignment marks that would require 




metal becoming oxidized when it is exposed in the 
additional RIE steps. 

The foregoing has outlined rather broadly the 
featuies and technical advarit 3jes of the present 
5 invention in order that the detailed description of the 
invention that follows may be better understood. 
Additional features and advantages of the invention will 
be described hereinafter, which form the subject of the 
claims of the invention. It should be appreciated by 
10 those skilled in the art that the concepts and specific 
embodiments disclosed may be readily utilized as a basis 
for modifying or designing other structures or processes 

-P v ^ v ^ r - ^ ^ ^,-,4- 4- Vy ^, v . , , ^ _ ^ „ ^ ^ „ 

J_^.'J- ^U^,. y ±11^ WUL Lll'„ OUIUL- \.. U..L p*._'0 ■„ O V_.'X_ L11L yi^OCliL 

invention. It should also be realised by those skilled 
15 in the art that such equivalent constructions do not 

depart from the spirit and scope of the invention as set 
forth in the appended claims. 

BR/1 EF DESCRIPTION OF THE DRAWINGS 
20 The above features of the present invention will be 

more clearly understood from ecus iderat ion of the 
following descriptions in connection with accompanying 
drawings in which: 

Figures la and : b illustrate a prefer red 
2 u emboc : mont structure of t he present : nvent. i on 

Figures 2a- 2k illustrate a preferred embodiment 
method of the present invention; 

Figures 3a and 3b illustrate another preferred 
embodiment, method of the present invention; arid 



Figure 4 illustrates a top view of a preferred 
embodiment structure of the present invention during 
process i ng . 

Corresponding numerals and symbols in the 
different figures refer to corresponding parts 
unless otherwise mil :utei. The figures are drawn 
to clearly illustrate the relevant, aspects of the 
preferred embodiments, and are not necessarily drawn 
to scale . 



The making and using of the presently preferred 
embodiment is discussed in detail below. It should be 
appreciated, however, that the present invention provides 
many applicable inventive concepts that can be embodied 

15 in a wide variety of specific contexts. The specific 

embodiments discussed are merely illustrative of specific 
ways to make and use the invention, and do not limit the 
scope of the invention. 

The present invention provides, for example, a 

2 0 method of producing an alignment mark that helps align 

features in the various layers of a semiconductor device 
during processing. Preferred embodiments of the 

i m: t :.n- [ ,~ UllOW ["'">>* ' IVH I'i S f V '"' f t hO O !'PV ! O 1 i C : ! OVO 1 

a 1 i eminent ma.r< d 1 re ct ly in* o ' io- magnet i o s: ur-: 1 aver 
2b witnout aaaition.il process . a • g : ; . Although the present, 
invention will do discussed m the context of MRAM and 
metal - insulator -metal capa / i tor (MTMCAP) applications , 1 1 
should be appro c 1. a t ed by those skilled m the art that 




comprises a substrate 11 and a first metal layer 12 
formed in the substrate 11 Having a top surface 14 at a 
distance x below a top 13 of the structure 10. A second 
metal layer 16 is also formed in the substrate 11 and 
5 extends from the top of the structure 10 to a distance y 
below the top 13 of the structure 10. The distance y is 
less than the distance x. Vias 18 are formed connecting 
the first metal layer- 12 and the second metal layer 16. 
The first and second metal layers 12,16 may be comprised 

10 of, but not limited to, ropper, tungsten, aluminum, or 
some combination thereof. Alignment of the various 
layers in the structure 10 is important to ensure that 
oar fern features wi::.n. _;if Liyti o al iyn to form an 
operable semiconductor device. Thus, an alignment mark 

15 20 extending from the top 13 of the structure 10 to a 

depth of at least x is included for alignment of a non- 
transparent magnetic stack layer 22. The width of the 
alignment mark 2 0 is determined by the specific stepper 
or scanner used for lithography but the alignment mark 20 

2 0 will generally have a width that is at least twice the 

depth of the alignment mark 20. This properly allows the 
alignment mark 20 to be under filled during processing as 
described below. The non- transparent magnetic stack 
layer 22 is located above the alignment mark 20, second 

25 metal layer 16, vias 18, and exposed portions of a 

surf a :"o 2 1 of the snbstri'c 11. The non : : u.sr a t -re 
magnet i c stack : aver 2 2 ">:rf orms to the snare of t. ho 

visibly recognizable. One skilled in the ait wil^ 
30 recognize that structure 10, as illustrated, is an 
intermediate step in processing a finished product. 





example, a periodicity of 8um. The alignment mark 19 can 
be used to align subsequent layers with the second layer 
of metal 16 and vias 18 to form the proper connection of 



S have two sets of channels aligned orthogonal to each 

other. These types of marks are most often used as fine 
alignment marks, because they have fixed periodicity and 
are not sensitive to the line width variation cause by 
process instability. Hence * hoy can always be used as 
10 the alignment reference nz mater what the actual width of 
the channels. On the other hand, other types of 
structures, particularly box-to-box structures, are 



method of the present invention. Figure 2a begins the 
process where a first dielectric layer 2 6 is formed atop 
a semiconductor subs t rate (not shown) . The first 
dielectric layer 26 may comprise, preferably, silicon 

20 dioxide, SILK, or fluor mated oxide, for example. A 
trench 28 together with the metal wiring structures is 
then etched into the first dielectric layer 26 
(illustrated in Figure 2b' and filled with a first layer 
of metal 3 0 as shown in Figure 2c. Chemical mechanical 

25 polishing may be used to planarme a top surface 31 of 
the first dielectric i av- r 26 and the first ! iy - • r of 
metal 3D. As shown ;n Figure 2d, once the iirst layer oi 
moral < ':■ ras boon pFo'cm wi + r dm loot t i •-• Fi : o"0" ".. • ■ , a 
second di elect r i z 1 ayei .: m : mmed me > the : ; rst 

3 0 die lectin;: layer 26 and omr the first layer of metal 30. 
The second dielectric layer 32 may also ccmprise silicon 
d i ox i de S I FK or f Fieri ir it ed ° v j qY-> for fovimp 1 e . The 



features in the s: r u c z u r e 



C r a t i n g m a r ■ k s u s u a 1 1 y 
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noriridlly Ubel tu Liicck the accuracy of the alignment 
after the pattern is exposed. 

Figures 2a -2k illustrate a preferred embodiment 



photoresist .layer 3 3 as a mask which has been patterned 
using a phototmask as shown in Figure ::e. The channels 
34 can serve as line features which operate as a second 
layer of metal . 

One preferred embodiment, where the dual -- damascene 
structures are formed in a two-step process, is shown in 
Figures 2f and 2g. As illustrated in Figure 2f, first 
channels 40 and an opening 46 are etched, utilizing a 
first photoresist layer 41, to extend from a top surface 

43 of the second dielectric layer 32 down to a pre- 
determined depth d which is smaller than the depth 
coplanar to the top surface 31 of the first dielectric 

1 , o r / A ^ ^ ^ ^-,4-^^) U. , r ^} ^ U ^ ^ 1 -I „ ^ \ n-ii^^ ^ ^ "U ^ 

layci \ ii i. >w cx l. *3 > kuclcdh^z^l .1 j.hc / . u^^tn ^ 

represents the thickness of the second layer of: metal 
chat will be formed in the first channels 40. In the 
second step, as illustrated in Figure Ig, second channels 

44 and an opening 46 are etched simultaneously by using a 
second photoresist layer 45 as etch mask. The second 
photoresist layer 45 allows the portion of first channels 
40 that are to be used as vias to be extended, as 
indicated by the dashed lines 47, but prevents those 
first channels 40 to be used as a second layer of metal 
from being extended. The second channels 44 extend from 
the top surface 43 of the second dielectric layer 32 down 
to the f i rst metal layer 30 in the first dielectric layer 
26. A top v.:ew scnem.it : c is shown in Fig. 4 in which 
the second channels 44 a re shown as circular channels. 
Furthermore, t he open, i :;g 4- ex* ends t h» owgu the second 
dielectric iaye r 3 2 whereby a bottom surf a ::e 4E of the 
opening 46 is coplanar to or deeper than the top surface 

2 8 of the first layer of metal 30. The two-step process 




can be formed in the second layer of metal. The first 
and second channels 40 and 44, respectively, and the 
opening 46 are filled with metal 50. Trie filling of the 
first and serond channels 40, 44 and the opening 4 6 
5 result in remaining portions of the top surface 43 of the 
second dielectric layer 32 being plated with the metal 50 
in a region R, as shown in Figure 2i. The metal [ : 0 may 
be aluminum or tungsten, but is preferably copper and is 
about 7500 to about £500 angstroms thick. The filling 

10 step may comprise depositing a liner layer (not shown) 
into the first and second channels 40 and 44, 
respectively, and opening 46 and then depositing the 
metal 5 '"■ on t o t he liner 1 a v ^ r 

The opening 4 6 has pre -determined dimensions and 

15 patterns, as stated above, which are derived based on the 
type of lithography equipment used. Howe ver , the width 
of the opening 46 is generally greater than twice the 
depth of the opening 46 and is generally in the range 
between about two to about six micron meters. The 

2 0 dimension of first and second channels 4 0 and 4 4 are 

varies depend on the application and are generally about 
.2 to 2 micron meters. The channels 40 and 44 should be 
filled while the opening 46 is under-filled such that 
successive layers, in this case a non- transparent stack 
25 layer 58, have a visible indention at the location of the 
opening 46. This visible indentation will take the form 
of the qrati:;g 10 illusti i'ed :n r lb. 

ci LOtti Ca.. mecuan^cu-L p;o^i suing , OXr , is performed to 

3 0 planarize the metal 50 that is filling first and second 

channe Is 4 0 and 4 4 , respect i ve 1 y , op»en i ng 4 6 and 

rema I n i no nort ions of + iv' f ^n - : : ' , • • • 4 ' 3 . The o!vct; " \ '. 




that because of the width of the opening 46 and the 
resulting under - f 1 .1 1 1 ng , this feature remains non-planar, 
even after the CMP step. As illustrated in Figure 2k, 
once the polishing is completed, a non - t ranspa rent stack 
5 of layers 58 is deposited atop the remaining metal 50 and 
the remaining portions of the top surface 43 of the 
second dielectric layer 32 whereby the non- transparent 
stack of layers 58 conforms to the shape of the under- 
filled opening 46. An alignment mark 60 results that is 

10 visible on the non- t ranspa rent stack of layers 58. 

In yet another embodiment method where the dual- 
damascene structures are formed by lithographic 
patterning and etch, the second channels 44 that stive as 
vias are formed first followed by lithographic patterning 

15 and etch of the first channels 40 that serve as the 

second layer of metal. This is illustrated in Figure 3a. 
The second channels 44 and opening 46 are etched to a 
depth of total thickness of layer 32, i.e., to reach the 
surface of first: layer of metal 30. The first channels 40 

20 that will serve as the second layer of metal are then 

lithographically patterned so that the second channels 44 
are protected by the photoresist and etched in the second 
step of the process illustrated in Figure 3b. It is 
optional m this lithographic patterning to expose the 

25 opening 46 or protect it. In the situation where the 

metal plating thickness is high, the requirement of the 
cepth of the- opening 4 6 would oe greater, in order to 
have: a si; i [ a v.. o copog raphy . 1:: : hi s oas'- , :. • : i *. hog* achy 
tor I : rst channels 4C would leave the opening 46 

30 unprotected by resist. Hence the final depth of the 

opening 46 after line etch would be the sum of depth d 
plus via depth as shown Finn re ^b. 




same as that in Fig. 2h. In any of the embodiments the 

process of forming vias, the second layer of metal, and 
opening 46 is a two-step process. It should be 
appreciated, however, that the process of forming the 
5 vias, second layer of metal, and opening 46 may include 
any number of steps. 

While the invention has been described with 
reference to illustrative embodiments, this description 
is not intended to be construed m a limiting sense. 

10 Various modifications in combinations of the illustrative 
embodiments, as well as other embodiments of the 
invention, will be apparent to persons skilled in the art 
upon reference to the description. In addition, the 
order of process steps may be rearranged by one of 

15 ordinary skill in the art, yet still be within the scope 
of the present invention. It is therefore intended that 
the appended claims encompass any such modifications or 
embodiments. Moreover, the scope of the present 
application is not intended to be limited to the 

20 particular embodiments of the process, manufacture, 

means, methods and steps described in the specification. 
Accordingly, the appended claims are intended to include 
within their scope such processes, manufacture, means, 
methods, or steps. 
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